INTRODUCTION
Mustelus manazo is a common shark taken by Japanese coastal trawl and long line fisheries. A number of studies on age, growth and reproduction of M. manazo in Japan and Taiwan have been carried out. [1] [2] [3] [4] [5] [6] [7] [8] [9] Yamaguchi et al. found evidence of great geographical variations in life history parameters of M. manazo, particularly between Aomori, the northernmost population in Japan, and Taiwan, the southernmost population. 7, 8 Observed maximum age and length were the oldest and longest at Aomori, where the lifespan was estimated almost two times longer than at Taiwan. 8 Taiwan's population was characterized as having an earlier and smaller size at maturity, fewer embryos per female, smaller maximum size, and shorter lifespan. It is known that differences in exploitation rate can change life history parameters of population. Indeed, the catch of M. manazo has been decreasing for 15 years in Taiwan. 8 Moreover, it is estimated that Taiwan may have a fluctuating environment, including of food.
dardized Shannon-Wiener Diversity Index (H¢), 15 as follows:
where J¢ is an evenness measure of the ShannonWiener Diversity Index and n the total number of prey categories.
RESULTS

Diet composition
The vacuity index was relatively low in all study areas (0-6.1%). Mean stomach contents weight per body weight were 2.3% at Aomori, 1.6% at Tokyo Bay, 1.1% at Shimonoseki, 1.0% at Maizuru, and 0.7% at Taiwan. The percentage of the stomach contents weight per body weight became lower in the larger sizes of both sexes, and that for males was higher than for females in small size classes (specimens immature) and lower in large size classes (specimens mature) at all locations ( Fig. 1) . However, these differences among size classes or sexes were not significant (all t-test, P > 0.1). The percentage ¢ = ¢ J H n log 2 Japan and one off Taiwan, and to establish whether or not variations in feeding habits of M. manazo occurred.
MATERIALS AND METHODS
Capture locations for the present study were published in Yamaguchi et al. 9 Specimens were collected in Tokyo Bay (n = 247) and at the fish markets in Aomori (n = 224), Maizuru (n = 131), Shimonoseki (n = 145) and Taiwan (n = 189) from May 1994 to May 1996. Fishing was done by bottom trawling at depths of 20-50 m in Tokyo Bay, 200-300 m in Tsugaru Strait, Aomori, 100-200 m in Wakasa Bay, Maizuru, 100 m off Tsushima, Shimonoseki and 80 m off northeastern Taiwan.
Immediately after collection, the whole stomachs of the specimens were fixed in 10% formalin or frozen at -20°C. In the laboratory, recognizable stomach contents were identified to the lowest possible taxon and each prey item was weighed in wet condition to the nearest 0.1 g. To assess the relative importance of each prey item in the diet, three indices were used: (i) mean percentage composition of each item by weight (%W), divided by the total sum of the individual percentage weight of each item by the number of specimens examined; (ii) frequency of occurrence (%F), expressed as the percentage of stomachs containing the prey item by the total number of stomachs examined; (iii) ranking index (RI), calculated by multiplying %F by %W (0 Ϲ RI Ϲ 10 000). 11 Specimens with empty stomachs were excluded from these three methods. The vacuity index was expressed as the percentage of empty stomachs divided by the total number of stomachs examined. 12 Stomach contents weight was expressed as a percentage of wet body weight. 13 Cumulative prey curves were constructed for each location of M. manazo to determine whether an adequate number of specimens had been collected to describe diet. The order in which stomachs were analyzed was randomized 10 times and the mean number of new prey species was cumulated consecutively in order of the stomachs examined.
14 Presence of an asymptotic relationship indicates that the number of stomachs analyzed is sufficient to represent feeding habit.
One-way analysis of variance (anova) was conducted to evaluate differences in mean percentage weights (%W) in the diet categories among locations and length classes. Specimens with empty stomach were excluded from this analysis. Dietary overlaps were calculated for the five locations using the Simplified Morisita Index (C H ), 15 and the degree of overlap was compared using Langton's scale: 16 low (0-0.29), medium (0.30-0.59), high overlap (>0.60). To test for the similarity in the diets among locations, the mean percentage weights of the diet categories in each location were analyzed by cluster analysis using the average linkage method. Prey diversity of each location was calculated using the stan- of the stomach contents weight was the largest at Aomori and the lowest at Taiwan for both sexes in the same size classes.
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The cumulative prey curves for M. manazo at all locations indicated an asymptotic relationship (Fig. 2) . Thus, the sample sizes were sufficient to describe their feeding habits for all locations.
Mean percentage weights (%W), frequencies of occurrence (%F) and ranking indices (RI) of each prey item in the diet of M. manazo for each location are listed in Table 1 , and the 3-D graphical representation is shown in Fig. 3 . Crustaceans constituted the major dietary component for all locations, being the greatest at Aomori (%W, 92.6; %F, 98.21; RI, 9003). The most important prey category based on RI was crabs at Aomori, Shimonoseki and Taiwan ( Fig. 3 ; Table 1 ). At Aomori and Shimonoseki, RI of crabs was relatively high, and the next important category was hermit crabs at Aomori and shrimps at Shimonoseki. At Taiwan, after crabs, polychaetes comprised the second important category. In Tokyo Bay, mantis shrimp Oratosquilla oratoria was the most important food item based on RI. At Maizuru, the most important food category based on RI comprised shrimps, fishes being the second important, although it was a minor food category in other locations.
The Simplified Morisita Index of dietary overlap (C H ) revealed a medium degree of overlap between Aomori and Tokyo Bay (C H = 0.47), and between Tokyo Bay and Shimonoseki (C H = 0.50) ( Table 2 ). The other locations showed a high degree of overlap (0.60-0.96).
The similarity in diets between Aomori and Shimonoseki was the highest (95.3%), with that between the two former locations and Taiwan being 86.1% (Fig.  4) . Diet in Tokyo Bay showed the lowest similarity with the other locations (77.0%).
Careful examination of the state of food items in the stomach revealed that M. manazo in Tokyo Bay ingested each food without crushing it. Moreover, these items inhabited the mud bottom in most cases. At the other locations, M. manazo crushed its food.
Ontogenetic differences
To evaluate dietary variations with predator size, specimens were sorted into 100 mm total length classes. Diet composition was examined in relation to location and length of M. manazo, because obvious changes in diet composition with season were not apparent at all locations. In Tokyo Bay, %W of important prey items varied with the length of M. manazo (Fig. 5) . Shrimps (mainly Crangon affinis) were the dominant prey item of small length classes, but declining in importance thereafter (anova; F 7,232 = 2.13, P < 0.01). In comparison, mantis shrimp (Oratosquilla oratoria) was rarely found in the diet of small length classes, but thereafter increased in importance (anova; F 7,232 = 4.74, P < 0.001). In the largest size class, mantis shrimp comprised approximately 50 %W. Crabs and hermit crabs were found consistently in all length classes. In Maizuru, %W of fishes increased in 701-800 mm length class but decreased in the largest length class (anova; F 4,122 = 2.88, P < 0.05) and %W of crabs increased in the largest length class (anova; F 4,122 = 3.58, P < 0.01). In Taiwan, polychaetes was one of the important prey items in small length classes but declined in importance with length (anova; F 4,178 = 3.18, P < 0.05). Mantis shrimps were rarely found in small length classes in Taiwan, but increased in importance with length similar with Tokyo Bay (anova; F 4,178 = 2.93, P < 0.05). Crabs were found in all length classes constantly (anova; F 4,178 = 1.30, P > 0.1). We did not find any ontogenetic dietary shifts at Aomori and Shimonoseki (anova; all P > 0.1). Prey diversity (J¢) was relatively high in Tokyo Bay, Maizuru and Taiwan (J¢ = 0.63-0.66), and relatively low in Aomori and Shimonoseki (J¢ = 0.40-0.47) ( Table 3) . They showed a trend, being relatively low in larger size classes at all locations.
DISCUSSION
All members of shark genus Mustelus are known to be crustacean feeders. [17] [18] [19] [20] [21] In the present study, 62-93% of the stomach contents of M. manazo consisted of crustaceans, generally slow-moving benthic species. The differences in the prey at each location may reflect differences in the living biotic environment. Mikawa investigated feeding habits of M. manazo at Aomori, and reported that the percentage frequency of crustaceans and fishes was 100% and 36%, respectively. 10 Mustelus californicus and M. henlei in Elkhorn slough, California, also fed mainly on crustaceans from the surface of mudflats, 22 and the food of M. lenticulatus from New Zealand comprised predominantly crustaceans and echiurans. 23 Stomach content weight per body weight was relatively high (mean 2.3%) at Aomori, but at Taiwan it was relatively low (mean 0.7%). Yamaguchi et al. reported that the length of the same age classes of M. manazo was the largest at Aomori and the smallest at Taiwan. 7 Feeding intensity was not assessed precisely because no detailed fishing time was obtained except at Tokyo Bay, however, it is possible to think that food limitation is one reason for the differences in the growth rates at each population of M. manazo.
Although no formal statistical testing has been developed, 13 the degree of overlap in the diet (C H ) considered values > 0.60 to indicate significant overlap. 24 In the present study, overlap in the diet between locations indicated significance, except the following two cases. Tokyo Bay had a relatively low overlap with Aomori (0.47) or Shimonoseki (0.50), while overlap of Shimonoseki and Aomori was the greatest (0.96). The greatest overlap in these two locations may result from the dominance of crabs in the diet at both locations, although the crab species were quite different between locations. In other words, it indicates that similar diet categories were available for M. manazo at Shimonoseki and Aomori.
In four out of five locations, the important prey items 1046 (16) 0.46 (7) --of M. manazo were crabs and shrimps, living on the substrate surface. In Tokyo Bay, however, two most important prey items were mantis shrimp Oratosquilla oratoria and mud shrimp Upogebia imperfecta, both mud-burrowing invertebrates. One of the most abundant crustaceans is southern rough shrimp Trachypenaeus curvirostris, however, only a few southern rough shrimps were found in stomach of M. manazo at Tokyo Bay. 5 Mustelus manazo at Tokyo Bay fed predominantly on the crustaceans in the muddy substrata rather than choosing the most abundant benthic prey items available, such as a southern rough shrimp. The low similarity of diets in Tokyo Bay with the other locations may be due to the shallow depth, and different substrata and living animal fauna.
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Significant ontogenetic dietary shift in M. manazo was found in Tokyo Bay, where a trend in decreasing importance of shrimps with increasing length of M. manazo was evident, while larger prey (mantis shrimp) became more predominant. Small specimens from Tokyo Bay fed on relatively small dietary items, such as Crangon affinis, while large specimens fed predominantly on large mantis shrimp. Also, in Maizuru and Taiwan significant ontogenetic dietary shifts were found, but larger specimens from these two locations fed on small dietary items, the same as smaller specimens. At the other two locations, Aomori and Shimonoseki, ontogenetic dietary shift was not found, and the large specimens also fed on relatively small prey. This suggests that prey availability may be more important than size in determining prey composition at Aomori, Maizuru, Shimonoseki and Taiwan. King and Clark found that M. lenticulatus in New Zealand fed predominantly on benthic invertebrates (pagrid and brachyran crustaceans), but that prey composition varied with predator length. 23 Prey diversity of larger size classes in Tokyo Bay, Maizuru and Taiwan was lower than smaller size classes. The similar trends were found for M. mustelus at southern Africa. 19 Lowe et al. described that ontogenetic changes in prey diversity and size of prey may be attributed to three factors: larger sharks can feed on larger prey; different sized sharks may occupy different habitats; and larger sharks may be more efficient hunters and capable of capturing faster prey. 25 In Tokyo Bay, larger sharks merely fed on larger prey (mantis shrimp) efficiently. It is more beneficial for larger sharks to capture their prey because larger prey may provide greater energies. In Maizuru, prey diversity declined in > 801 mm length classes. Most specimens of 801-900 mm length class fed on fishes, but most 901-1000 mm length class specimens fed on small crabs. This is likely because different sized specimens may occupy different habitats. In Taiwan, prey diversity declined in the largest length class and they fed on smaller prey, however, the diversity was higher than the other locations. Stomach content weight was the lowest (0.7%) at Taiwan. This may indicate that the food availability at Taiwan is lower than the other locations.
The dentition of genus Mustelus is unusual among living carcharhiniform sharks due to the presence of low, button-like cusps and the raised plate-like base on which they are located (Fig. 6) . The gape is also relatively small. Some triakid sharks, such as M. manazo, with molariform dentition have developed a modified 'crushing' feeding mechanism. 26 The poor anterior mobility of the upper jaw may be related to a crushing rather than cutting type of feeding activity. 26, 27 However, our results suggested that two different feeding strategies were involved. One strategy was the digging up or removing without crushing, of burrowing invertebrates from muddy substrata (at Tokyo Bay), and the other was the crushing of prey on the substrate surface (other locations). The feeding type of M. manazo in Tokyo Bay is suggested as a 'gouging' feeding such as identified in carcharhiniforms (not including triakid sharks) and lamniforms by Moss. 26 Because much of the substrata at Tokyo Bay has changed from sand to mud over the last several decades, 28 with an increase in biomass of mantis shrimp since the 1970s, 29 it is likely that M. manazo has responded to such environmental changes by adopting a 'gouging' feeding mechanism.
Fig. 6 The dentition of Mustelus manazo.
